Background and objective: Isolated partial anomalous pulmonary venous connection (PAPVC) has been implicated as a cause of pulmonary arterial hypertension (PAH); however this condition is often overlooked in the diagnostic work up of patients with PH. We studied the prevalence of PAH both in patients with isolated PAPVC or associated with other congenital heart diseases (CHD) such as atrial septal defect (ASD). We also aimed to identify factors related to the presence of PAH in these patients. Methods: We retrospectively analyzed data from the Adult CHD database at the Cleveland Clinic, USA between October 2005-2010. We included all patients diagnosed with PAPVC with or without other CHD. We excluded all patients with previous corrective surgeries. Results: We identified 14 (2.5%) patients with PAPVC. Group I included patients with PAPVC (with or without patent foramen ovale (PFO)). Group II included patients with PAPVC associated with other CHD. PAH was seen in six (6/14,42.8%) patients,two (2/7,28.5%) in group I and four (4/7, 57.1%) in group II (P = 0.3). The mean pulmonary artery pressure in all patients (n = 14) was 29.5 Ϯ 13.8 mm Hg. Group I had a mean PAP of 23.6 Ϯ 6.6 mm Hg as compared to 33.7 Ϯ 16.5 mm Hg for group II (P = 0.34). The two patients in group I with PAH had either two anomalous pulmonary veins or a condition (sickle cell disease) that could potentially explain the haemodynamic findings. Conclusions: Patients with PAPVC (with or without PFO) in the absence of other CHD had normal pulmonary arterial pressure (PAP) unless they have two pulmonary veins with anomalous return or associated conditions known to cause PAH.
INTRODUCTION
Partial anomalous pulmonary venous connection (PAPVC) is found in around 0.4-0.7% of autopsies. 1, 2 In most cases, the anomalous venous connection involves the right pulmonary veins 1, 3 that drain into the superior vena cava (SVC) or the right atrium (RA). Anomalous pulmonary veins less frequently drain into the inferior vena cava (IVC), innominate vein or the coronary sinus. 3 These anomalous veins are frequently associated with other congenital heart anomalies, predominantly atrial septal defects (ASD). An anomalous pulmonary venous connection occurs in approximately 10-15% of ostium secundum ASD and 85% of patients with sinus venosus ASD. [4] [5] [6] PAPVC adversely affects the cardio-pulmonary physiology by presenting as a left-to-right shunt, aggravated by frequent coexistent atrial septal defects. 7, 8 In a normal person, each pulmonary vein contributes an average 25% of the total pulmonary blood flow. However, in anomalous pulmonary vein return, the shunt flow can be higher since the circulation is preferentially directed to the right side due to lower pressure in the RA and superior vena cava than in the left atrium. This effect becomes more pronounced in conditions that tend to increase left atrial pressure such as systemic hypertension or left heart disease. Depending on a variety of factors, some patients with PAPVC eventually develop right-sided volume overload that leads to pulmonary arterial hypertension (PAH) and right heart failure.
Although ASD is frequently diagnosed using transthoracic or transoesophageal echocardiography with the aid of agitated saline, PAPVC is often overlooked predominantly in cases not associated with other congenital heart diseases (CHD). A review of the literature reveals cases where PAPVC was missed in patients who underwent transcatheter closure of ASD. 9, 10 In these cases, the long-standing increased pulmonary blood flow could eventually lead to the development of the PAH. 7 In our experience, it is not uncommon to see patients with PAH due to PAPVC diagnosed as idiopathic pulmonary arterial hypertension. This prompted us to conduct a retrospective review all the patients seen in our adult congenital heart disease clinic to identify those with PAPVC, in order to study the prevalence of PAH both in patients with isolated PAPVC or associated with other congenital heart diseases such as ASD.
METHODS
We retrospectively analyzed the Adult Congenital Heart Disease database at the Cleveland Clinic, Cleveland, Ohio. Cleveland Clinic is a tertiary level multidisciplinary hospital. We reviewed all enrolled patients from October 2005 to October 2010. The Institutional Review Board (IRB) at Cleveland Clinic approved the present study (protocol number 10-1129) and waived the need for informed consent. Our study aim was to look for the prevalence of PAH both in patients with isolated PAPVC or associated with other congenital heart diseases such as ASD and to identify factors related to the presence of PAH in these patients.
We included patients diagnosed with PAPVC with or without other congenital heart defects. We excluded individuals who had corrective heart surgeries as we were looking for the undiagnosed PAPVC in adulthood. We reviewed the clinical data available on these patients using our hospital electronic medical records. The patients were enrolled in the adult congenital heart disease database once the diagnosis of congenital heart disease was confirmed with appropriate investigations. Some patients were symptomatic upon enrolment, while others were asymptomatic and were diagnosed incidentally.
A total of 564 patients were enrolled in adult congenital heart disease database during the aforementioned period. Twenty-two (3.9%) subjects had PAPVC and/or sinus venosus ASD. We included in our initial search sinus venosus ASD, as this condition is frequently associated with PAPVC. Of these 22 subjects, we selected 14 patients who had confirmed PAPVC and no previous corrective heart surgeries. We divided these patients into two groups. Group I included patients PAPVC with or without patent foramen ovale (PFO). Group II included patients with PAPVC associated with other congenital heart defects. We included patients with concomitant PFO in group I because this condition is a prevalent finding encountered in up to 25% of the general population, 11 usually does not affect cardiopulmonary haemodynamics, and most patients with this lesion remain asymptomatic for life. Patients were diagnosed with PAPVC by pulmonary venous angiography, cardiac magnetic resonance imaging (MRI) or computed tomography (CT) scan. All these patients were further evaluated with right heart catheterization as a part of our protocol. We carefully reviewed the haemodynamic data obtained during right heart catheterization and defined pulmonary hypertension (PAH) as a mean pulmonary artery pressure of 25 mm Hg or above with pulmonary artery occlusion pressure Յ15 mm Hg and pulmonary vascular resistance >3 Wood units.
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Statistical analysis
Continuous variables were expressed as mean and standard deviation when normally distributed. Twogroup comparison was performed by Mann-Whitney U-test. Comparisons between categorical data were performed by Fischer's exact test. All the P-values reported are two-tailed. A P-value of <0.05 was considered significant. The statistical analyses were performed using the statistical package SPSS, version 17 (SPSS Inc; Chicago, IL).
RESULTS
Prevalence of PAPVC
Over the period of five years (2005-2010), we identified 14 (2.5%) patients with PAPVC and no previous corrective cardiac surgeries. Each group had seven patients. Three patients in group I had PFO along with PAPVC, while four had PAPVC alone (Table 1) . Group II included patients with PAPVC associated with other congenital heart defects ( Table 2 ). Group II included seven patients of which six had PAPVC associated with sinus venosus ASD, and one individual had PAPVC associated with ostium secundum ASD. The mean age and gender in groups I and II are described in Table 3 . In group I, five patients were asymptomatic at the time of diagnosis, while the other two had dyspnea of six-month and indeterminate duration, respectively. In group II, three patients were clinically asymptomatic (two had cardiac murmur on clinical examination) at the time of diagnosis, while the rest had dyspnoea as their main symptom, with a mean duration of symptoms before diagnosis of 2.2 years. One patient in group II was diagnosed by the aberrant placement of the Hickman catheter noticed on chest X-ray (Table 2) .
Pulmonary arterial hypertension (PAH)
Pulmonary arterial hypertension 12 was seen in six (6/14, 42.8%) patients, two (2/7, 28.5%) in group I and four (4/7, 57.1%) in group II (P = 0.3). In group I, patients with PAH either had two pulmonary veins with anomalous return (right upper pulmonary vein drained in the superior vena cava and left upper pulmonary vein drained in the left brachiocephalic vein) or an associated condition known to cause PAH such as haemoglobin sickle cell (SC) disease (Table 1) . Except for the patient with haemoglobin SC disease, no other subject either in group I or II had associated diseases known to cause PAH. The overall mean pulmonary arterial pressure (PAP) in all patients (n = 14) was 29.5 Ϯ 13.8 (range 20-32) mm Hg. There was no statistical difference the mean PAP when compared between the groups I and II. (Table 3 ). The mean PAP in the five patients of group I, who had one anomalous PAPVC and no associated conditions known to cause PAH, was 20 Ϯ 6.0 mm Hg (P = 0.25 when compared to group II). The mean Qp : Qs, available in 12 patients (11 patients had Qp : Qs measured by RHC and 1 by MRI), was 2.6 Ϯ 1.3 (range 1.3-3). There was no significant difference in the Qp : Qs between groups I and II (Table 3) . No association was found between Qp : Qs with either mean PAP or right ventricular systolic pressure (RVSP) on linear regression analysis. Coronary arteries were studied in 12 patients and were found to be normal.
Echocardiographic data
Echocardiography was performed in all patients as a part of their evaluation. In group I, the right ventricle (RV) was mild or moderately dilated in two patients and severely dilated in one. In group II, mild RV dilatation was seen in two patients, moderate RV dilatation in four and severe RV dilatation in one. Right ventricular function was normal in all patients in group I, except one. In group II, one patient had normal RV function, two had mild, three had moderate and one had severe RV dysfunction. The overall RVSP in 14 patients was 42.8 Ϯ 18.5 (range 29.5-50) mm Hg. The RVSP in group I was 34.6 Ϯ 9.2 mm Hg, while in group 2 was 51.0 Ϯ 22.0 mm Hg (P = 0.16).
Follow-up
Among all (n = 14), seven patients underwent correction of their congenital heart defects. In group I, only one patient (first patient in Table 1 ) had redirection surgery of the anomalous vein to the left atrium, while the rest of the patients were clinically followed without the need for adding PAH-targeted therapies. In group II, six of the seven patients underwent surgical correction of the congenital defects ( Table 2) . There was no significant difference in the preoperative and the immediate post-operative RVSP (54.8 Ϯ 27.2 vs 43 Ϯ 19.5 mm Hg, P = 0.4). Of patients that underwent corrective surgery for the congenital heart defects (mean follow up of 30.6 months, range 1-55 months), one died from a non-medical related accident. In patients that did not undergo corrective surgery, one died, while awaiting lung transplantation, due to Eisenmenger's syndrome and right heart failure (patient number 7 in Table 2 ).
DISCUSSION
Partial anomalous pulmonary venous connection was first demonstrated during cardiac catheterization Echo showed ASD. Ao, aorta; Ao-Pul, aorto-pulmonary *evidenced aberrant placement of the Hickman catheter; ASD, atrial septal defects; CHD, congenital heart diseases; CT, computed tomography; CXR, chest X-ray; IVC, inferior vena cava; NYHA, NewYork heart association; OS, ostium secundum; PAPVC RI, partial anomalous pulmonary venous connections, right inominate; PAPVC, partial anomalous pulmonary venous connections; PV, pulmonary vein; RA, right atrium; RU, right upper; SV ASD, sinus venosus atrial septal defect; SVC, superior vena cava.
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by Dotter et al. in 1949. 14 Currently, the diagnosis of PAPVC is established with newer diagnostic modalities including transoesophageal echocardiography, CT angiography, MRI and pulmonary vein angiography during catheterization. [15] [16] [17] [18] [19] [20] A review of literature suggests that the most common type of PAPVC is right-sided pulmonary vein draining into the SVC or the RA. 1, 3 Alsoufi et al. 3 found right-sided, left-sided and bilateral anomalous pulmonary veins in 91%, 7% and 2% of the patients with PAPVC. Similarly, we found right-sided anomalous pulmonary veins draining into the RA or SVC in the majority of our patients (71%) (Fig. 1 ). Only four patients had left-sided anomalous pulmonary veins (29%).
In our study, individuals were initially evaluated for several clinical conditions (most commonly dyspnoea, the presence of a murmur, arrhythmia or enlarged pulmonary vessels on a chest X-ray) and were found to have PAPVC. Only two patients in group I but four in group II were symptomatic (dyspnoea on exertion). The diagnosis was, in most cases, initially suspected by non-invasive studies, as previously documented in literature. [16] [17] [18] [19] In group I, the diagnosis was suggested by transthoracic echocardiography (TTE) in three patients (two patients had PFO and one had mildly dilated RV, conditions that were further evaluated), CT angiography of chest and cardiac MRI in two patients each (Table 1 ). In five patients of group II, the diagnosis was suspected during TTE (evidence of ASD). One patient was diagnosed with CT angiography of chest and the last one with a chest X-ray, due to the abnormal position of a Hickman catheter.
The main strength of our study is that all patients underwent right heart catheterization for the evaluation of pulmonary hypertension, had oxygen saturation studies and when possible, angiography of the anomalous pulmonary veins. We found no statistical difference in mean PAP in group II as compared with group I, possibly due to the small sample size of the study. Similarly, mean RA pressure was not significant between groups (Table 3 ). The development of PAH in PAPVC usually depends on the presence of associated congenital heart diseases such as ASD, the number of the anomalous pulmonary vein connections and the status of the pulmonary venous bed. 21, 22 The persistent high flow and pressure in the pulmonary arterial vasculature causes endothelial damage leading to loss of endothelial barrier function and imbalance of vasoactive mediators, favouring vasoconstriction, inflammation, thrombosis, cell proliferation, ABP, arterial blood pressure; HR, heart rate; NYHA, New York Heart Association (values from 1 to 4); PAOP, pulmonary arterial occlusion pressure; PAP, pulmonary arterial pressure; Qp/Qs, pulmonary-to-systemic flow ratio; RA, right atrium; TPG, transpulmonary gradient. apoptosis and fibrosis, resulting in pulmonary vascular remodelling, irreversible PAH and right heart failure. 23, 24 Recently, Majdalany et al. 25 published their 20-year experience in patients with isolated PAPVC. These authors included 43 patients with PAPVC, 28 of these patients had RV overload and underwent corrective surgery. Twelve patients in this group were found to have elevated PAP before surgery, as estimated by the RVSP on transthoracic echocardiography. Of the 15 patients without RV overload, eight were found to have PAH. These authors observed an increase in PAP with increasing age. The mean estimated pressure in patients less than 40 years, 40-60 years and more than 60 years was 31, 38 and 51 mm Hg, respectively. These differences suggest that PAP increases with aging, posing the question whether PAPVC should be repaired in asymptomatic patients or not. Majdalany et al. 25 also documented a post-operative reduction in the estimated systolic PAP of 6 mm Hg (range 1-17 mm Hg) in seven patients of the ones (n = 12) who had PAH preoperatively. In our study, we compared RVSP by Doppler echocardiography pre-and post-corrective surgery in six patients (all in group II). The RVSP was not statistically different before and immediately after corrective surgery; however the study was likely underpowered to detected any potential difference.
Congenital heart disease associated pulmonary hypertension is included in group I of the 4th World Symposium on Pulmonary Hypertension. 11 Isolated anomalous PV return has been associated with PAH. 8, 26 Babb et al. 8 and Saalouke et al. 26 documented elevated PAP on cardiac catheterization in these patients. Saalouke et al. 26 suspected PAPVC on chest X-ray and confirmed the diagnosis with cardiac catheterization and oximetry studies. They were the first to document the presence of PAH in isolated PAPVC as two of their five patients with this congenital heart condition had PAH with markedly increased pulmonary vascular resistance. Babb et al. 8 diagnosed PAPVC on cardiac catheterization by oximetry studies. Two of their three patients with PAPVC were found to have PAH. Both patients presented with the complaints of exertional dyspnoea and signs of right heart failure. These initial studies supported the notion that PAPVC may be missed if not routinely investigated. According to autopsy studies, the prevalence is much higher (0.4-0.7%) 1,2 than the one observed in clinical practice. This could represent a large number of the patients with isolated PAPVC that remain asymptomatic for prolonged periods of time, even for life. It is possible that some of them may develop PAH during late adulthood, and this was not captured by our study.
Other limitations of our study include: (i) it is a retrospective review, which has its own limitations in terms of non-uniform patient evaluation and management; (ii) the small size of this cohort limited the power to detect potential differences in haemodynamic measurements between groups; (iii) it may not reflect the clinical characteristics of isolated PAPVC in the general population as there may be a significant number of patients who remain asymptomatic and thus are not diagnosed; (iv) group I had a lower mean PAP than the patients in the study by Majdalany et al. 25 This can be partly explained by differences in the age of the patients.
In spite of these limitations, our study included fairly large number of patients with PAPVC, keeping in mind the low prevalence of the disease. Patients were enrolled during the course of five years in an institution that has a busy adult congenital heart disease programme. Thus, an ideal prospective study would require the collaboration of multiple centres.
CONCLUSION
Patients with PAPVC had normal pulmonary artery pressure unless they have two pulmonary veins with anomalous return or associated conditions like sinus venosus ASD. Multi-centre prospective studies are needed to evaluate whether patients with isolated PAPVC develop PAH at long term.
